ABSTRACT
INTRODUCTION
It has been an established concept that microorganisms are the main culprits for periodontal 1, 2 and endodontic diseases. [3] [4] [5] In both Periodontics and Endodontics, the approach toward the pathology is mechanical debridement of the affected area along with local and systemic antimicrobials. The disadvantages of antimicrobial agents range from lack of patient compliance, microbial resistance in the biofilm, 6, 7 systemic side effects, failure on the
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antibiotics to act on non-perfused areas, allergy and limitation of spectrum of microorganisms affected. Strategies employed by microorganisms resisting antibiotics have been thickening of their outer wall, encoding of new proteins which prevent the penetration of drugs, onset of mutants deficient in those porin channels allowing the influx of externally added chemicals, etc. [8] [9] [10] The solution to these problems is unknown till date. Treatment using light and light activated compounds is referred back from ancient times, and was used to treat a wide variety of disorders and malaise. [11] [12] [13] But the breakthrough came when first report emerged on light-absorbing properties and fluorescence of various dyes, it became clear that dye excitation by light exerts destructive action in biologic systems. This so-called 'photodynamic action' was described as a process in which light, after being absorbed by dyes, sensitizes organisms for visible light-inducing cell damage. Photodynamic therapy (PDT) is based on the principle that a photoactivable substance that is photosensitizer binds to the target cell and can be activated by light of a suitable wavelength. Photodynamic is also known as photoactivated disinfection (PAD) or photoactivated chemotherapy (PACT).
HISTORY
The concept of treatment with light and photoactive compounds can be traced back over 6000 years to the ancient Egyptians who used light-sensitive substances (psoralens) by crushing leaves of plants related to parsley with sunlight to treat sunburns. Reference to the use of a plant extract for the restoration of skin pigmentation was made in 1400 BC and phototoxic effects of psoralens were described in 1250 AD. 14 
Mechanism of Action
The three components of PDT are oxygen, photosensitizer and light (Fig. 1) . When a photosensitizer is administered to the patient and irradiated with a suitable wavelength, it goes to an excited state from its ground state. This excited state can then decay back to its ground state or form the higher energy triplet state. 16, 17 The interaction between biomolecules and triplet state photosensitizers can be of two types as follows: Type I: It involves electron/hydrogen transfer directly from the photosensitizer, producing ions, or electron/ hydrogen removal from a substrate molecule to form free radicals. These radicals react rapidly with oxygen, resulting in the production of highly reactive oxygen species (superoxide, hydroxyl radicals, and hydrogen peroxide).
Type II: The reactions produce electronically excited and highly reactive state of oxygen known as singlet oxygen. In PDT, it is difficult to distinguish between the two reactions mechanisms.
A contribution from both types I and II processes indicates that the mechanism of damage is dependent on both oxygen tension and photosensitizer concentration (Figs 2 and 3). In this process free radicals are formed which then produces an effect that is toxic to the cell. 18, 19 The half-life of oxygen radicals is only about a few nanoseconds hence this cytotoxic molecule can diffuse only up to 20 nm in cells (Moan et al., 1991). Thus, these photosensitizers localize in the mitochondria, plasma membrane, endoplasmic reticulum and Golgi complex at concentrations sufficient for mediating cytotoxicity. Due to the very short half-life of oxygen radicals, measured in nanoseconds, this cytotoxic molecule can diffuse only up to 20 nm in cells (Moan et al., 1991) . Also the reactive end products of this pathway results in a rapid cyto-and vasculotoxicity which are the basis of PDT. 20 Research in a number of laboratories has demonstrated the potential of PDT as a treatment for localized microbial infections. [21] [22] [23] PDT has shown to be active against both Gram-positive and Gram-negative organisms. 
Applications in Endodontics
Modern endodontics is striving toward minimally invasive techniques to obtain a perfectly sterile canal. Many techniques like root canal medicaments, irrigants and irrigating techniques have been tried in the past with limited success. Currently, there is an emergence of bacteria with multiple resistances, and there is a need for alternative antimicrobial approaches. [24] [25] [26] [27] [28] The combination of conventional endodontic therapy and PDT has been shown as an effective approach in reducing bacterial load in vitro and in vivo models. 4, [28] [29] [30] [31] [32] In comparison with the conventional hypochlorite irrigation it is certain that PDT has shown promising results. 32 PDT has shown to be effective against Grampositive 33,34 as well as Gram-negative endodontic pathogens. 35 In particular E. faecalis which has shown high resistance to the conventional debridement techniques due to limitations of mechanical debridement of instruments and lack of penetration of irrigants. Research has shown high susceptibility to phenothiazinium PDT in which up to 99.99% reduction of CFU was seen. 36 PDT cannot replace the conventional cleaning and shaping done by mechanical instruments. However, it certainly is a very useful adjuvant in obtaining consistent results. 37 Methylene blue and toluidine blue seem to be the ideal photosensitizers for canal sterilizations. A 0.5 ml toluidine blue (50 µg/ml) is injected inside the canal and allowed to wait for 5 minutes followed by irradiation using a 50 mW diode laser (Ga-Al-As) at a wavelength of 633 nm with an endodontic diffuser fiber of 200 µm for 1 to 2 minutes. The fiber should be 1 mm short of the apex and should be moved in a spiral manner from apical third to coronal third. Also methylene blue 50 µg/ml can be used with 670 nm wavelength successfully up to 99.74%. 38 Since, it is used at low powered doses it is completely safe to use as there is no significant rise in temperature and also significantly less cytotoxicity than conventional treatment methods 39, 40 (Figs 4 to 7) .
Applications of PDT in the Management of Tumors
In the past numerous modalities have been tried for successful treatment of intraoral malignancies with varied success. The conventional treatment options were crude and extremely invasive apart from being nonspecific resulting in a high morbidity rate. Besides, a chance of recurrence always existed. Chemotherapy had its own adverse effects on the body systemically. In such a scenario, a treatment modality which was precise, minimally invasive, high efficiency and lesser morbidity was desperately awaited. In the past 2 decades PDT has gained popularity and is being extensively used as an adjunct to eradication of superficial malignancies in the oral cavity because of its tumor selectivity. This tumor selectivity of PDT is on account of localization of the photosensitizer in the tumor and controlled activation of the photosensitizer by illumination of only the tumor region allowing precise and minimally invasive eradication of the malignancy. 41 The reason for selective uptake of the photosensitizers by the tumor can be low pH (which facilitates cellular uptake), increased vascular permeability, increased production of collagen that binds porphyrins, tumor infiltration by macrophages that are efficient traps for hydrophobic photosensitizers, greater proliferative rates of neoplastic cells, a poor lymphatic drainage, high expression of LDL receptors on tumor cells (many photosensitizers bind to LDL), (Moan et al., 1992; .The singlet oxygen is the primary cytotoxic agent responsible for photobiological activity, 42 Binding the photosensitizers to molecular delivery systems, such as growth factors or monoclonal antibodies that are characterized by high affinity for target tissues can also increase their tumor specificity (Konan et al., 2002) . A high therapeutic ratio between tumor and skin response has been obtained by allowing at least 3 days between drug injection and exposure to the therapeutic light for 2 to 5 mg/kg doses and at least a 4-day interval for 5.0 mg/kg doses. The photosensitizing compounds should have low dark toxicity and should selectively accumulate in tumor tissue, in order to minimize skin sensitivity. 41 After intensive research PDT is now being used safely in treatment of tumors but the spectrum of clinical applications is still limited, 43, 44 As PDT is a cold photochemical process, there is no tissue heating, and connective tissues, such as collagen and elastin are largely unaffected. As a result, many tissues heal with less scarring than that with electrocautery. Following the treatment, the premalignant/malignant tissue eventually sloughs away, and there is normal healing and reepithelization. In localized superficial lesions PDT is an excellent curative option giving PDT in advanced cases can prolong survival and improve the patient's quality of life but cannot be completely curative as far as large disseminated tumors are concerned. Deep-seated and pigmented tumors required a higher dose of drug for effective treatment than did the more superficial and nonpigmented lesions.
Applications in Periodontics and Implants
It has been proven that cells in biofilm are in physiological state that differs from their planktonic counterparts and tend to be less susceptible to antimicrobial agents. 45 It also explains why systemically and locally delivered antimicrobials have always been proven unsuccessful, even when they were targeted at specific microorganisms. Successful periodontal therapy is still based on the concept of elimination of the microorganisms from the infected site; 46 lasers only make it easy, non-invasive and efficient.
Phenothiazinium photosensitizers have shown to be safe and highly effective for periodontal infections. Scaling and root planning is to be carried out before PDT. While doing the PDT the photosensitizer is first injected in the periodontal pocket and allowed to pigment for 2 minutes. Then the fiber is inserted 1 mm short of the pocket and 
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lased by moving in a sinusoidal manner from side to side toward the coronal third. It has been proven that PDT has found an adjunctive role in peri-implantitis 47 (Figs 8 to 11 ).
Advantages of PDT
1. Minimally invasive technique with least collateral damage to normal cells enhances results and superior healing. 2. Exceedingly efficient broad spectrum of action, since one photosensitizer can act on bacteria, virus, fungi, yeasts and parasitic protozoa. 3. Efficacy independent of the antibiotic resistance pattern of the given microbial strain. 4. The therapy also causes no adverse effects such as ulcers, sloughing or charring of oral tissues. 5. Lesser chance of recurrence of malignancy. 6. Economical to use.
Limitations of PDT
Systemic administration of photosensitizer causes a period of residual skin photosensitivity due to accumulation of photosensitizers under the skin. Therefore, photosensitizers can be activated by daylight causing first or second degree burns. Hence, direct sunlight must be avoided for several hours until the drug is completely eliminated from the body.
SUMMARY AND CONCLUSION
1. Lethal photosensitization may be an effective means of eliminating periodontopathogenic bacteria from dental plaque/biofilm. 2. PDT is efficient and safe tool for treatment of chronic and aggressive periodontitis and can prove adjunctive to mechanical debridement. 4 3. Development of resistance among the target organism to the PDT is unlikely. Lack of mutagenicity topical and selective action, no harm to eukaryotic/host cells are the characteristic advantages of PDT. 4. Antimicrobial PDT is an efficient method for bacterial load reduction in periodontal therapy. The treatment is non-invasive and can be repeated without the risk of allergies and resistance in comparison to antibiotic therapy. 5. PDT is effective even in the presence of blood (CR Rovaldi, 2000) . PDT may be an effective way to treat the bacteria linked to periodontal diseases and could provide a better option than antibiotics or other mechanical methods for treating periodontal diseases and may prove to be a promising alternative to conventional periodontal therapy in near future.
